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The greatest interest in the oviducal jelly material deposited around amphibian 
eggs has centered on its possible significance in the processes of meiosis 
(P*tmpliries, 961) and fertilization (Hughes, 1957; Kambara, 1953 Watieue 
9630. 1906: Nuelbauchtin, 1967: Nadamitsu, 1957; Rugh, 1935, 1931 E RE 
and Barch. 1960; Shivers and Metz, 1962; Subtelny and Bradt. 1961; Tchou and 
Wang, 1956). It is generally accepted that the jelly is necessary for successful 
fertilization of amphibian eggs; however, the particular properties of the jelly 
which make its presence essential to fertilization are largely unknown. Kambari 
(1953, p. 8+) has suggested that the jelly “ .. . plays the role of a mechanical 
foothold which enables the sperm to penetrate the eggs.” In contrast, Katagiri 
(1966) proposes that the jelly does not act as a foothold but that a smaller moiety 
in the jelly may facilitate adherence of the spermatozoa to the egg surface. The 
recent work of Barbieri and Villeco (1966) also suggests that a small molecular 
welght substance present tn the jelly is necessary for fertilization. 

It can be expected that additional knowledge of the structure and composition 
of the jelly would permit more enlightened studies on precisely what properties of 
the jelly are necessary for fertilization. Chemical analyses of amphibian jelly 
have indicated that the main components of the jelly are fucose, hexosamines, one 
or more hexoses, and protein (Bolognani et al.. 1966; Folkes et aL. 1950; Hivama, 
LOT Tae weg tievisieand Ozu, 196); lee. 1967 Nasamune and Y osizawa 1933: 
Nlasaimne wees. | 9512 Mineani, 1955; (Mingant and I) Anna, 1937, T9527 
schulz and Becker, 1935). However, not all of the above iivestigations dealt 
with each of these components and in every case all the jelly layers surrounding 
the egg were analyzed together; no attention was given to the possible differences 
among layers. That these differences do exist has been shown by histochemical 
studics on oviduects and eggs (Ghiara. 1960; Humphries, 1966; Humphries and 
hiiohes, 19s ecm, | O5Ga gael 957 > Nelly, 1954, Salthe, 1963; maihi 
1960 ). 

The present investigation was undertaken to study the deposition, structure, 
and composition of the egg jelly of the South African clawed toad, D PAO NS 
laevis (Daudin). Since amphibian jelly is deposited in discrete layers, it was 
considered of prime importance in this study to analyze these lavers separately. 

1 This work was completed while the author was an NSF preductoral fellow and was 
part of a dissertation submitted in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy at Emory University. The work was supported in part by grant GM- 
09878 from the U. S. Public Health Service. 


? Present address: Department of Anatomy, College of Medicine, University of Florida, 
Gainesville, Florida 32601. 
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Histochemical methods, which are useful for this purpose, have been employed 
extensively in the present work. In addition, it appeared that it wonld be 
possible with this species to separate the jelly layers in small quantities for chemi- 
cal analyses. To the anthor’s knowledge, such chemical analyses of individual 
jelly layers have not been reported for any amphibian. 


MATERIALS AND METHODS 


Ovulation of Nenopus laevis was induced by an injection of 500 units of 
chorionic gonadotropin (Antuitrin-S, Parke, Davis). 


Cytochemical methods 


Oviducts containing eggs were removed from a pithed animal and cut into 
small segments for fixation. Uterine eggs and deposited eggs were also used. 
The material was fixed with 10% neutral formalin, 10% neutral formalin con- 
taining 0.01 J/ cetylpyridinium chloride (CPC) (Conklin, 1963) or by freeze- 
substitution (Humphries, 1966). All material was cleared in benzene and em- 
bedded in Tissuemat. For most of the staming procedures, serial sections of 10 p 
thickness were cut and placed alternately on each of 3 slides. 

Carbohydrates. The periodic acid-Schiff reaction was used with and without 
prior treatment with malt diastase. Both native and boiled enzyme were used 
m a concentration of 1% im distilled water for 2 hours at room temperature. 
Toluidine blue was employed in a concentration of 0.1% in distilled water for 
1-2 hours. Coriphosphine O (Gurr) was used in a 0.01% solution in distilled 
water for 15 minutes and sections were examined in distilled water ([Lumphries, 
1966). Detection of fluorescence in coriphosphine-stained material was by means 
of a Leitz SM microscope using an HBO 200-watt mercury vapor lamp with 
Leitz exciter filter UY UG! Alcian blue s¥as employed routinely rai roaa 
solution in 3% acetic acid (pH 2.4.2.6) or was used in increasing concentration 
of standardized MgCl. according to the method of Scott and Dorling (1905). 

Bovine testicular hyaluronidase (Sigma Chemical Co.) was used mt a con- 
centration of 60 USP units/ml. in 0.1 W phosphate buffer at pH 6.0. Sections 
were incubated for 8 hours at 37° C. Cartilage controls were used. Sialidase 
(neuraminidase, Vibrio cholerae, Calbiochem, 500 units/ml.) was used according 
to the method of Spicer and Warren (1960). Enzyme-treated sections were 
stained with toluidine blue or alcian blue. 

Proteins. Staining was done according to the bromsulfalein method of Silver- 
man and Glick (1966) and the ninhydrin-Schiff procedure of Yasuma and Itchi- 
kawa (1953). The dimethylaminobenzaldehyde (DMAB )-nitrite method (Adams, 
1957) for tryptophan was also employed. For the detection of sulfhydryl groups 
the mercury orange method of Bennett and Watts (1958) was used with and 
without prior treatment with thioglycolate to reduce disulfides (Barka and Ander- 
son, 1963). 


enzymatic treatment of live, jelly-covered eggs 


Eggs were stripped from the female and placed immediately into the various 
solutions. Treatments were carried out at room temperature in native and boiled 


SENOS: UAV is ECCHELLY 503 


enzyme solutions and in solvent controls. Papain (2 X crystallized, Sigma Chem- 
ical Co.) was used in a concentration of 0.1 mg./ml. in a 0.1 N phosphate buffer 
(elt G.o) conamine e aml cysteine-HCE and 5 mie Wid Ae encima ee 
Merck and Co.) was employed in a concentration of 1 mg./ml. in 0.01 N HCL. 
Hyalnronidase was prepared as described above. All observations were made on 
the live eggs. 


Chemical methods 


For removal of the jelly, approximately 50 eggs at a time were stripped from 
a female into distilled water. The jelly layers were removed separately with 
sharpened watchmaker forceps, placed immediately in vials kept in an ice-salt 
bath at —10° C. te 0° C and stored im thée.frozen state. The jelly coatsmiiom 
the eggs of several females were later pooled and lyophilized. 

Nitrogen. Nitrogen content of the jelly was determined by the Nessler method 
(Lang, 1958) using two different procedures. (1) Equal numbers of coelomic 
and uterine eggs from the same female were assayed and nitrogen content of the 
jelly was taken as the difference between the two values. In each case additional 
eggs from the same female were dried at 100° C. to determine weight. (2) One- 
mg. samples of lyophilized jelly coats were assayed to determine the distribution 
of nitrogen among the layers. 

Uronie acids. The method of Galambos (1967) was employed. One-mg. 
samples of each of the separate, lyophilized jelly coats were dissolved in 0.2 mi. 
of 1 N NaOH, diluted to 2 ml. with distilled water, and OS-i portions were 
used for the Galambos procedure. Chondroitin sulfate (20-400 pg.. Nutritional 
siochemical Corp.) and glucuronic acid (+-80 pg. crystalline, Sigma Chemical 
Co.) were prepared in 0.1 N NaOH and used as standards. 

Sialic acid. Total sialic acid was determined by the thiobarbituric acid assay 
(Warren, 1959, 1960). To study the distribution of sialic acid among the jelly 
layers, assays were performed on 1-2 mg. of the separate, lyophilized jelly coats. 
N-acetyl-neuraminic acid (synthetic, Type IV, Sigma Chemical Co.), in concen- 
trations from 0.01 mmole to 0.05 umole, was used as the standard. Readings were 
made on a Zeiss spectrophotometer in 3-ml. cuvettes (l-cm. light path). 

Paper chromatography. The method of Caldwell and Pigman (1963) adapted 
from Masamune and Yosizawa (1953) was used to identify sugars present in the 
separate jelly layers. Approximately 2 mg. of each coat were hydrolyzed in 1-2 
ml. 2 N H.SO, in capped tubes in a boiling water bath for 5 hours. The solu 
tions were then brought to approximately pH 6.0 by adding saturated BaOHs 
and, after centrifugation, the supernatants were evaporated to dryness at room 
temperature with a stream of cool air. The sugars were redissolved in 2-4 
drops of distilled water and 8-12 pl. were used to spot each chromatogram. Ref- 
erence sugars (1 mg./ml.), placed on the same paper, included D-glucose, D- 
glucosamine-HCL, N-acetyl-D-glucosamine, D-galactose, D-galactosamine-HCl, 
N-acetyl-D-galactosamine, D-mannose, D-mannosamine-HCl, N-acetyl-D-man- 
nosamine and D-fucose (Sigma Chemical Co.). Descending chromatography 
was carried out in n-butanol-pvridine-water (5:2:2 v/v) on 18.5 X 22 inch 
Whatman No. 1 chromatography paper in an equilibrated chromatography chamber. 
The solvent was allowed to drip off the paper and the total time ranged from 40 
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to 62 hours. Reducing sugars were detected by the method of Trevelyan a 
(1950) and amino-sugars by an adaptation of the Elson- -Morgan reaction for 
hexosaniunes (Smith. 1960). 


RESULTS 


When a uterine egg is placed in tap water the three transparent jelly coats can 
keon a e |je The inner Myer morella ice approximate: 
0.2 mm. wide and has a gelatinous consistency. The outermost layer (J3) is 
about 0.1 mm. wide and because it becomes quite sticky in tap water the deposited 
eggs tend to be held together 111 masses. Between these two layers is another very 
thin layer (J2), approximately 0.02 mm. wide, which appears membranous and 
tania o Metlierorceps, J3 may de remor d cacik aa 15 en 
Cibe Gp oiie p the ége. sul surrounded); mihe inier aaner 
can be pushed out (Migs. 2, 3, +). 

The jelly layers are deposited as the eggs pass through the long, coiled oviduct. 
As the eggs travel from the coelom into the oviduct thev are collected in a thin- 
walled ostial region. From here they pass singly into the first secreting region 
Where J1 is deposited around the egg. This section of the oviduct is fairly 
thick-walled and lined with jelly-secreting glands. Approximately half-way down 
the oviduet the wall becomes even thicker and the glands in this second secreting 
region can be distinguished histochemically from those in the anterior half of 
the oca a e ects anrestornied: around the egg as it travels throug uns 
region. The eggs then pass into the thin-walled sac-like uterus where they 
accumulate before egg deposition begins. 


Cytochemical observations 


The picture observed in the live jellv-covered egg was best retained when the 
material was fixed by freeze-substitution. Severe shrinkage of the jelly occurred 
when 10% formalin or 10% formalin containing CPC was used. Since the histo- 
chemical reactions were essentially the same after these three fixation methods the 
material to be deseribed below is that fixed by freeze-substitution unless indicated 
otherwise. 

Both secreting regions of the oviduct and all jelly lavers were distinctly PAS- 
positives ble sceond secreting resron and {2 ated J3 reacted more intensely than 
did the first secreting region and J1. Diastase did not affect the PAS reactivity 
of the jelly or the oviducal glands but did remove essentially all positivity from the 
egg. Toluidine blue-stained material in water showed an intense pink to purple 
metachromasia only in Jl and the glands of the first secreting region. After 








All figures: Live Nenopus flacvis eggs stripped trom a female and immersed in tap 
water, x 30) 

FIGURES ee etiinee jelly layers are present. 

FIGURE 2. J3 has been removed with forceps. 

FIGURE 3. J3 has been removed, J2 has been punctured with forceps, and the egg still 
surrounded by Jl has been pushed partially out of J2. 

FIGURE $. Same as Figure 3, but egg surrounded by Jl has been pushed completely out of 
J2]? remains on ome: edee of JI. 
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alcohol dehydration of formalin-CPC-fixed material, metachromasia of J1 and 
the first secreting region was retained although diminished considerably in in- 
tensity. In material fixed by freeze-substitution, alcohol dehydration usually abol- 
ished any metachromasia. Waith coriphosphine O, Ji and the glands which secrete 
it gave a bright orange-red fluorescence. J2, Jo and the glands of the second 
secreting region were unstained or were only a dull orange. With alcian blue 
at pH 2.44, Ji. and the glands of the first secreting region stained bright blue. 
The egg, J2, J3, and the second secreting region of the oviduct were unstained. 

When material was stained with alcian blue at pli 5.8 in increasing concen- 
trations of MgCl», Jl and the glands in the first secreting region of the oviduct 
continued to stain until the MlgCle concentration exceeded 0.5 J/-0.7 AZ. Glands 
of the second secreting region and J2 and Jò did not stain in concentrations above 
0.3 Af MgCl. Magnesium chloride in excess of 0.2 A/ prevented the egg from 
staining. Rat rib cartilage staining was abolished in concentrations of MgCles 
above 0.9 MW. 

When any of the carbohydrate stains were used on formalin-CPC-fixed mate- 
rial. the inner portion of J1 gave a more positive reaction than the outer portion 
of Jl. With freeze-substitution Ji appeared essentially homogeneous throughout. 

After treatment of sections with hyaluronidase or sialidase, there was no 
noticeable change in toluidine blue or alcian blue (pH 2.4) staining of the eggs, 
jelly coats, or oviducal glands. 

All four methods employed for the detection of proteins gave the same general 
staining pattern. With ninhydrin-Schiff the egg was bright magenta. The glands 
in the first secreting region were essentially unstained, and Jl was only a very 
pale pink in some sections. J2, J3, and the second secreting region gave a con- 
sistent positive reaction although the color was only a pale pink. Somewhat 
brighter staining was observed after formalin-CPC fixation. Bromsulphalein 
stained the egg deep purplish-blue. Jl and the first secreting region remained 
unstained. J2, JS. and the second secreting region were very pale blue. With 
the DALAB-nitrite method for tryptophan the egg was a positive blue. J] and 
the glands which secrete it had only occasional traces of a very pale blue. J3 
and the second secreting region were a consistent pale blue. J2 was a deeper 
blue. When mercury orange was used without prior reduction of disulfides, all 
three jelly layers and the glands of both secreting regions were negative for sulf- 
hydryl groups. Only the egg stained orange. After thioglycolate treatment, the 
color in the egg increased and ]1 and the first secreting region were pale orange. 
J2. J3, and the second secreting region were a brighter orange. 


Ensymatic treatment of live eggs 


After about two hours in papain, J3 had disappeared and J1 had begun to 
liquefy within the intact J2 layer. After an additional two hours all jelly had 
been removed. Pepsin appeared to cause dissolution of J3 only. To test further 
whether J] and J2 were affected by the enzyme, eggs with only J1 and also sepa- 
rate J2 coats were placed in the pepsin solution. In native enzyme and control 
solutions J] shrank but remained around the egg. Separate J2 coats also shrank 
but, after as long as eight hours, no dissolution of 12 was noticed. Hyaluromidase 
had no apparent effect on the jelly. 
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Chemical analyses 


When the jelly coats were removed manually from the egg for chemical anal- 
yses, it was observed that J3 could be removed without disturbing the other layers 
and so was probably free of other material. J2 contained a small amount of 
material from J] and perhaps also a lesser amount from J9 Jl was thought to 
be free of contamination from |2 and J3 but, since not all of Jl could be removed 
without cytolyzing the egg, the innermost part of J1 was not included in the 
following analyses of the jelly. 

Table I gives the values for nitrogen content of: (1) the entire jelly of the 
eggs of three females (designated A, B, and C); and (2) lyophilized samples of 
the three separate jelly coats collected from the eggs of several females. 


IU eo) 


Nitrogen content of eggs and jelly layers 








| | 
Mean ug. N ‘egg 


; p * Si cs 
Type of test | sample (Std. error) 


| N as % of dry wt. of jelly 





Oly Beoset rom; | 





Female A coelomic eggs 24.62( +0.40) 6.9% 
uterine eggs 27.05(+0.64) 

Female B coelomic eggs 46.91(+0.61) 1.99, 
uterine eggs 51.63( +0.22) 

Female C coelomic eggs 34.63( +0.27) 12.8% 
uterine eggs 38.34( +0.74) 

(2) Lyophilized 

jelly coats: Ji E 

Ji 7.9% 

2 8.197 

J2 6.05; 

Jš 6.8% 

13 7.40% 

es 6.8°% 





* See explanation in “Materials and Methods.” 


Table II gives the results of sialic acid determinations on separate, lvophilized 
jelly coats. On a dry weight basis J] appears lowest in sialic acid with 0.14%. 
]2 has the highest average value, 0.40%, but substantial variations were found in 
these samples. J3 consistently contained 0.37%. Hydrolysis for three hours 
did not result in higher sialic acid values but, in fact, lower values were often 
obtained. 


The test for uronic acid content of the three separate jelly layers was negative. 


Chromatoyraphy 


For each jelly layer three separate chromatography runs were made. Duplicate 
sheets were included in each run so that the two detection reagents could be used. 
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Tape! 


Sialic acid content of the separate jelly layers 




















Sample Number of samplest | Hydrolysis time ere mg. | Slag ot 
Ji 3 1 hour Oma) O.14°; 
J2 3 1 hour 4.02(2.30 6.00) 0.40% 
Jo 3 1 hour oil | 0.37%, 
Ji 1 3 hours 0.62 | 0.066, 
Ia 1 3 hours i 2.78 MAS 





+ Number of samples used to get average values listed. 
* Equation 2 of Warren (1959) was used for all calculations and 309, the molecular weight 
of N-acetylneuraminic acid, was used in order to express concentrations in micrograms. 


In Table Hi are listed the sugars present in each jelly coat as found by com- 
parting the Remos Values of the unknown sugars with those of the standards and 
by comparing the colors obtained after using the Elson-Morgan reagent. 


Discussiax 


The only three descriptions available for the jelly of Nenopus laevis eggs are 
brief and conflicting. Deuchar (1966) reports two jelly coats, Salthe (1963) 
suggests five coats, and Ghiara (1960) observed three: a thin inner layer, a 
wide middle layer, and a thin outer coat. tle noted metachromasia in the two 
mner layers after staining live eggs with toluidine blue. The present report 
presents evidence that there are three coats: a wide, gelatinous inner coat, a very 
narrow, membranous middle layer, and a fairly wide outer coat. 

The inner layer of jelly appears to contain neutral and acidic polysaccharides 
and possibly protem. Tolwdine blue metachromasia, intense alcian blue staiming, 
and a bright orange-red fluorescence with coriphosphine O strongly suggest the 
presence of some acid groups whose identity remains unknown. The tests for 
uronic acids were negative. Similar negative results have been reported for the 
other amphibians investigated (Bolognani ct al., 1966; Folkes et al., 1950; Hiyama, 
1949a). It is doubtful that the intense aleian blue (pli 2.4) staining of J1 is 
due to carboxyl groups because at pH 2.6 or lower, carboxyl group staining may 
be masked as a result of salt links with proteins (Scott and Dorling, 1963). Using 
alcian blue at pH 5.8 in increasing concentrations of MgCLe, Scott and Dorling 
(1963) found that carboxyl group staining can be abolished at a critical electrolyte 


TABLE III 


Sugars identified in each jelly layer 





Fucose, galactose, glucosamine, galactosamine, glucose ?* 
Fucose, galactose, glucosamine, galactosamine 
Fucose, galactose? glucosamine, galactosamine, mannose? mannosamine ? 


(SSS ee 
Qu IN — 





* Question marks in the table indicate that a spot with an R, value corresponding to that 
particular known sugar was found in only one of the three chromatography runs. 
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concentration (CEC io! approximately Oo ay Ne Cimande aeaa O Or 
greater; a mixture of the two, such as found in heparin, has an intermediate CEC. 
The CEC for sialic acid-containing structures is approximately 0.2 WSA CE 
(Ouintarelli and Dellovo, 1965). -sincesthe CEC Hilaren iE anoum A 
staining of this layer cannot be accounted for solely by sialic acid. Also, the tolut- 
dine blue and the alcian blue stainings were not affected by sialidase treatment. 
The above evidence and also a persistence of some toluidine blue metachromasia 
after alcohol dehydration suggest the presence of sulfate in J] and the glands of 
the region which secrete o Past evidence (Minganti, 1955: Lee, 1967) las 
indicated that amphibian egg jelly has no sulfate. Hlowever, other biochenncal 
reports have suggested that sulfate may be present (Minganti and D’Anna, 1958; 
solognant ct al., 1966) and, in previous histochemical investigations, several 
species of amphibians have been found to exhibit metachromasia in the jelly and/or 
oviduets (One 1960; Humphries, 1966: Humphries and Hughes, 1959; Kam- 
bara, 1957- Katagiri, 1963a: Kelly, 195; Shaver, 19606). In aior a o site 
substance P for this metachromasia been identified. 

The source of the J2 layer is still in question. Although both J2 and J3 
appear around the egg in the second secreting region of the oviduct, there has 
heen no way to subdivide further this part of the oviduct and locate precisely the 
site of deposition of |2.. The staining reactions of J2 resemble those of J3 
although the reactions for neutral polysaccharides and proteins in J2 are more 
intense. This may be due in part to the construction of J2, which in sections 
appears to consist of rather tightly packed fibers arranged parallel to the egg. J2 
is not metachromatic and is alcian blue negative at pH 24. The alcian blue 
staining at pH 3.8 is similar to that of ]3 and is prohably due to amino acids 
and/ Gn sialic acids not to.uronic acids, Unlike J3. and similar tomi], |2 dées nice 
dissolve upon treatment with pepsin. In lve material its consistency 1s quite 
different from either of the other two layers. It is fairly tough and membranous 
and nome alitetichysas ts \ieeehen [5 is removed. the eggs are no larger held 
together in masses. Possibly, J2 as such is not deposited by the oviduct but 1s 
formed when J3 is deposited on J]. Perhaps some complexing of the components 
of J] and J3 occurs, which might change the enzyme susceptibility and staining 
characteristics of these components. Unless some material 1s found which is 
unique to J2 it will be difficult to establish that it is a truly distinct layer and that 
it is deposited as such by a particular region of the oviduct. There may be a 
similar situation in the case of Rana piptens, where, although the egg has three 
jelly layers, the middle part of the oviduct appears tmmunologically to be an 
area of overlap between the upper and lower regions (Barch and Shaver, 1963). 
Katagiri (1963a) describes for the eggs of Hyla arborea japonica a “jelly men- 
brane” between the inner and the outer two lavers of jelly; as spermatozoa penc: 
trate the jelly they come to a standstill momentarily at this “jelly membrane.” 
Katagiri also suggests that changes in the “jelly membrane” are a prime cause 
of the decrease in fertilizability of the eggs which have been standing in tap 
water. Tchou and Wang (1956) noticed that when the eggs of Bufo bufo astaticus 
remain in water for some time a distinct membrane forms between the outer and 
inner jelly layers which may act as an obstacle to sperm penetration. 

J3 appears to be composed predominantly of neutral polysaccharides and some 
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protein. The presence of carboxyl groups 1s indicated and, since there 1s no uronic 
acid, these groups could be due to amino acids and/or to the small amount of 
stalic acid that is present. The actual values obtained for sialic acid are probably 
much too low because fucose, which has been found in all jelly layers, causes 
abnormally low readings with the method used (\Warren, 1959). Recently. 
sialic acid has also been found in the oviduct and/or egg jelly of other amphibians 
(Humphries and Workman, 1966; Humphries et al 1968; Bolognani ct al., 1966; 
Lee. 1967). Soupart and Noyes (1964) demonstrated histochemically the presence 
of sialic acid in the zona pellucida of the ova of several mammals, and the pos- 
sible significance of the compound was investigated by Soupart and Clewe (1965) 
who treated rabbit ova with neuranunidase and found deformation of the zona 
pellucida and a definite inhibition of sperm penetration. 

In view of the differences observed histochemically in the jelly layers of 
Nenopus eggs it is interesting that, qualitatively, the sugar components of the 
three layers are nearly identical. From the preliminary work reported here, all 
layers appear to contain fucose, glucosamine, and galactosamine. Galactose is 
present in J! and J2 and possibly in J3. In addition, J3 may contain mannose 
or mannosamine. The sugars may be joined together in polysaccharides and/or 
may be attached to proteins. It appears from: the htstocheumcal reactions that 
protein is present in all three jelly layers although these tests are not completely 
satisfactory since they do not actually indicate protein but are specific for certain 
reactive sites or for particular amino acids. However, proteolytic digestion of 
the jelly does suggest that the amino acids are linked together in proteins and. 
furthermore, the enzymatic treatment has served to demonstrate that some differ- 
ences do exist among the proteins of the three jelly layers. 

In conclusion, it is obvious that the jelly capsule is composed of discrete 
layers. The separate layers appear to differ chenncally and physically and as 
a result they may have quite different functions. To pool all layers for chemical 
analyses or for studying fertilization may give misleading results. Information 
about the macromolecules of the jelly lavers is now needed. 


I wish to express my sincerest appreciation to Dr. A. A. Humphries, Jr., who 
suggested this study and who provided encouragement and advice during the 
period of my graduate studies and the preparation of this manuscript. 


SUMMARY 


1. The deposition, structure, and composition of the jelly surrounding the 
egg of Nenopus laevis were studied cytochemically and biochemically: During 
its passage through the oviduct, the egg is invested with three layers of jelly 
designated J1, J2, and J3, from innermost to outermost. Particular emphasis was 
placed on analyzing the layers separately. 

2. All layers gave positive histochemical tests for neutral polysaccharides. 
J2 and J3 stained the most intensely. The sugars present in the polysaccharides 
of each layer were identified chromatographically. Jl, J2. and J3 all contain 
fucose, glucosamine, and galactosamine. Galactose is present in Jl and J2 and 
possibly in J3. JS may also contain mannose or mannosannne. 
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3. On the basis of the histochemical tests it is suggested that J1 contains sul- 
fate. The weak positive reactions for acid polysaccharides in J2 and J3 indicate 
the presence of carboxyl groups only. Since no uronic acid was found in the 
jelly it is proposed that the carboxyl groups are part of amino acids and/or sialic 
acid which was found in small amounts in all layers. 

4+. the aitrosemevalues for the three layers are similar.e “ll "ayersmcarc 
positive histochemical tests for protein although the reactions in Jl were weak 
and irregular. Treatment of live eggs with proteolytic enzymes showed that all 
jelly layers do contain some protein as an important structural component and 
that the protein components of the three layers are not identical. 

5. It is suggested that future studies should be concerned with characterizing 
the macromolecules of the jelly and that, for all investigations of the structure 
and function of the jelly, the differences among layers should be taken into account. 


LITERATURE ITED 


Apams, C. W. M., 1957. A p-dimethylamine-benzaldehyde method for the histochemical 
demonstration of tryptophane and related compounds. J. Clin. Pathol., 10: 56-61. 

3ARBIERI, F. D., AND E. L Vitteco, 1966. A fertilizin-like substance in the egg jelly of 
the toad, Bufo arcnarwm. Arch. Zool. Tial, 51: 227-237. 

3ARCH, S. H., AND J. R. SHaveER, 1963. Regional antigenic differences in frog oviduct in 
relation to fertilization. teem Zooloyist, 32 157-165. 

Barka, T., AND P. J. ANpbERSON, 1963. Histochemistry. Theory, Practice, and Bibliography. 
Harper and Row, New York, N. Y. 

BENNETT, H. W. ANd R. M. Watts, 1958. The cytochemical demonstration and measure- 
ment of sulfhydryl groups by azo-aryl mercaptide coupling, with special reference 
to mercury orange. /n: General Cytochemical Methods (J. F. Danielli, ed.), Vol. 
1, pp. 317-374. Academic Press, New York. 

30LOGNANI, L, A. M. BoLoGNANn: Fantin, R. LusSIGNANI, AND L. Zonta, 1966. Presence 
of sialopolysaccharidic components in egg gelatinous mantle of Rana lataste: and 
Bufo wulgarts. Experientia, 22: 601-603. 

CALDWELL, R. C.. AND W. Picman, 1965. The carbohydrates of human submaxillary glyco- 
proteins in secretors and non-secretors ot blood group substances. Biochim. Bio- 
phys. Acta, 101: 157-165. 

ConkKLIN, J. L, 1963. Staining reactions of mucopolysaccharides after formalin-containing 
fixatives. Stam Technol., 38: 56-59, 

DeucHar, E. M., 1966. Biochemical Aspects of Amphibian Development. Methuen, London. 

Fo_kes, BF. R. A. Grant, AND J. K. N: Jones, 1950. Frog-spawn mucin. J. Cherm Sec. 
440: 2136-2140. 

Gawimeos, J. T., 19672 The reaction of carbazole with carbohydrate. J. Effect of borate 
and sulfamate on the carbazole color of sugars. Anal. Biochem., 19: 119-132. 
GHIiARA, G., 1960. Ricerche intorno alla struttura microscopica, submieroscopica ed isto- 
chimica e alle funzioni degli involucri ovulari di Discoglossus pictus Otth e di altre 

specie di Anfibi. Arch. Zool. Ital., 45: 9-92. 

Hiyama, N., 1949a. Biochemical studies on carbohydrates. CIH. On the jelly of toad and 
frog eggs. First report. Jolokn J. Exptl. Med "50: 373-378. 

Hiyama, N., 1949b. Biochemical studies on carbohydrates. CII. On the jelly of toad and 
frog eggs. Second report. Hexosamine in the toad mucin. Tohoku J. Exptl. Med., 
50: 379-383. 

Hiyama, N., 1949c. Biochemical studies on carbohydrates. CIV. On the jelly of toad and 
frog eggs. Third report. Hexosamine in the frog mucin. Tohoku J. Exptl. T Med. 
50: 385-387. 

Hucues, N.. 1957. An investigation into the fertilizability of coelomic and oviducal eggs 
of the newt, Triturus viridescens. Assoc. Southeastern Biologists Bull., 4: 13. 


ty 
— 
INO 


SALLIE B. FREEMAN 


HUMPHRIES, A. A., Jr, 1961 Experiments on the normal mciotie block in the ovum of 
Triturus viridescens. Biol. Bull., 120: 29-37. 

LIUMPHRIES, A. A., Jr., 1966. Observations on the deposition, structure, and cytochemistry 
of the jelly envelopes of the egg of the newt, Triturus viridescens. Develop. Biol., 
13: 214-230. 

HUNPHRESsS, A. A, Jr, AND W. N. Hucues, 1959. A study of the polysaccharide histo- 
chemistry of the oviduet of the newt, Triturus viridescens. Biol. Bull., 116: 446-451. 

HUMPHRIES, A. A. Jk, Ann W M. Worxman, 1966. Sialic acid in the oviduets of the 
newt, Triturus viridesccns. Amer. Zoologist 6: 611. 

HUMPHRIES, A. A. Jr, S. B. Freeman, ann W. M. Workman, 1968. Sialic aeid in egg 
capsules and oviducts of the newt, Notophthalmus viridescens. Biol. Bull., 134: 266- 
271. 

Kampara, S., 1953. Role of jelly envelope of toad eggs in fertilization. Annot. Zool. 
Japon., 26: 78-84. 

KKAMBARA, S., 1956a. Histochemical studies on the distribution of phosphatases in the ovi- 
duet of the newt, Triturus pyrrhogaster. «lnnot. Zool, Japon., 29: 86-90. 
KAMBARA, S., 1956b. Histochemical studies on the distribution of mucopolysaceharides in 

the oviduct of the newt, Triturus pyrrohogaster. <lunot. Zool. Japon., 29: 146-150. 

KamBarRa, S., 1957. Metachromatieally staining material in epithelial cells of the oviduct of 
the newt, Triturus pyrrhogaster. J. Fac. Sci. Univ. Tokyo, Sect. 117, 8: 145-148. 

Karacırı, C., 1963a. Fertilizability of the egg of Hyla arborea japonica with spectal refer- 
ence to the change of jelly envelopes. Zool. Mag., 72: 23-28. 

Kataciri, C., 1963b. On the fertilizability of the frog egg. Ill. Removal of egg envelopes 
from unfertilized egg. J. Fac: Sci. Hokkaido Univ, Ser. VI, Zool. 15: 202-211. 

Karaciri, C., 1966. Fertilization of dejellied uterine toad eggs in various experimental 
conditions. Embryologia (Nagoya), 9: 159-169. 

Ketty, J. W., 1954. Metachromasy in the eggs of fifteen lower animals. Protoplasma, 43: 
329-346. 

Krsa, M., anp E. Ozv, 1961. Monosaceharide pattern of egg jellies of three species of 
Homobits. Pracmapanesicud., 37; 223-226. 

Lane, C. A. 1958. Simple mierodetermination of Kjeldahl nitrogen in biological materials. 
Anal. Chem., 30: 1692-1694. 

Lee, P. A., 1967. Studies of frog oviducal jelly secretions. I. Chemical analysis of secretory 
product. J. 2aigeceo!.. 166: 99-100. 

Masamune, H. anp Z. Yosizawa, 1953. Biochemical studies on carbohydrates. CLAE 
Paper partition chromatography of sugars, in particular hexosamines and hexuronic 
acids. Tohoka J. TAP Ued 592 1-9. 

Masamune, H., Z. Yosizawa, AND M. Maki, 1951. Biochemical studies on carbohydrates. 
CXXXV. Paper partition chromatograms of sugar components in glucidamins and 
glycoproteins. II. Tohoku J. Exptl. Med.. 53: 237-241. 

McLauGuin, E. W., 1967. Cytoehemieal studies on fertilization in the newt, Triturus viri- 
descens, with partieular reference to the role of the jelly envelopes in the process 
of sperm penetration into the egg. Doetoral Dissertation, Emory University. 

Mincanti, A. 1955. Chemical investigations on amphibian egg jellies. E.rptl. Cell Res., 
Suppl, 3: 248-241. 

Mincanti, A., ano T. D'ANNA 1957. Rieherche sulla mucina ovulare di Triton cristatus. 
Rice Sl, 272° 3052-3054 

Mincantr, A., AND T. D'Anna, 1958. Sulla composizione della mucina ovulare di Disco- 
ylossus pictus. Ric. Sci., 28: 2090-2094. 

Napamitsvu, S., 1957. Fertilization of coelomie and oviducal eggs of Triturus pyrrhogaster. 
J Sc. Hiroshua Umo oct 6. Die ie lz 1-3. 

QUINTARELLI, G., AND M. C. Dettovo, 1965. The chemical and histochemical properties of 
aleian blue. IV. Further studies on the method for the identification of aeid glyco- 
saminoglyeans. Fiistochemic, 5: 196-209. 

Reen, R., 1935. Ovulation in the frog. II. Follicular rupture to fertilization. J. Erptl. 
Zool TE- 1037195. 

RucH, R., 1951. The Frog. Its Reproduction and Development. Blakiston, Philadelphia. 

SattHE, S. N., 1963. The egg capsules in the Amphibia. J. Morph., 113: 161-171. 


MeN OrUS LAB Vis EGC EL Sale: 


Scuuiz, F. N., AnD M. Becker, 1935. Uber die Kohlenhydrate der Ejiweissdrtise von Rana 
esculenta. Biochem. Z.. 280: 217-226. 

Scott, J. E.. ann J. Dorutnc, 1965. Differential staining of acid glycosaminoglycans (muco: 
polysaccharides) by alcian blue staining in salt solutions. Histoechemic, 5: 221-233. 

SHAVER, J. R., 1966. Immunobiological studies of the jelly-coats of anuran eggs. Amer. 
Zooloyist. 6: 75-87. 
Suaver, J. R. AND S. H. Barcu, 1960. Experimental studies on the role of jelly coat mate- 
rial in fertilization in the frog. Acta Embryol. Morphol. Exptl., 3: 180-189. 
Suivers, C. A. ano C. B Merz, 1962. Inhibition of fertilization in frog eggs by untvalent 
fragments of rabbit antibody. Proc. Soc. Exptl. Biol. Med., 110: 385-387. 
SILVERMAN, L. AND D. Grick, 1966. Studies in histochemistry. LNNAAV. Histochemical 
demonstration of protein with bromsulfalein. J. Histochem. Cytochem., 14: 425-426. 

Santu, l., 1960. Chromatographic and Electrophoretic Techniques, Vol. I.. Intersctence, New 
York. 

Soupart, P., Axp T. Hi. Crewe, 1965. Sperm penetration of rabbit zona pellucida inhibited by 
treatment of ova with neuraminidase. Fertility Sterility, 16: 677-689. 

Sovpart, P., anp R. W. Noyes, 1964. Sialic acid as a component of the zona pellucida of 
the mammalian ovum. J. Reprod. Fertility, 8: 251-253. 

Spicer, S. S.. AND L. Warren, 1960. The histochemistry of sialic acid containing mucopro- 
teins. J. Histochem. Cytochem., 8: 135-137. 

SUBTELNY, S5, AND C. Brant, 1961. Transplantations of blastula nuclei into activated eggs 
from the body cavity and from the uterus of Rana pipiens. Develop. Biol., 3: 96-114. 

Tcuov-Su axb Maxe Yu-Lanx, 1956. Etudes expérimentales sur le role du mucu des 
oviductes dans la fécondation chez le crapaud, et la considération générale sur le 
mécanisme de la penetration spermatique. decta E.rptl.-Biol, Sinica, 5: 75-122. 

TREvVELVAN. W E. D. Pe Procter, axp J. S. Harrrsox, 1950) Detection of sugars on paper 
chromatograms. Nature, 166: 444-445. 

Warren, L., 1959. The thiobarbituric acid assay of sialic acids. J. Biol. Chem., 234: 1971- 
1975. 

Warren, L., 1960. Unbound sialic acid in fish eggs. Biochim. Biophys. Acta, 44: 347-351. 

Yasu@ma, A., ano T. ItcHiKAwa, 1953. Ninhydrin-Schiff and alloxan-Schiff staining. A 
new histochemical staining method for protein. J. Lab. Clin, Med., 41: 296-299, 


